The effects of deliberate hypotension and normovolaemic haemodilution on operative blood loss were studied in patients undergoing hip arthroplasty. Thirty patients were anaesthetized with hfllothane-nitrous oxide, and assigned to one of three groups. In group I, mean arterial pressure was decreased to 55 mm Hg by sodium nitroprusside. In group II, 23 ± 2 ml/kg of blood was withdrawn just before the surgical procedure and replaced by twice the volume with 4% albumin and Ringer lactatc solution. The shed blood was reinfused at the end of the surgical procedure. In group III, the blood replacement was equal to blood loss and this group served as control. Intraoperativc blood losses were 1050± 185 mland900± 130 ml in the autotransfused and control groups, respectively, and 320± 35 ml in the hypotensive group. However, the total red cell loss was significantly less in the hypotensive and autotransfused groups than in the control group. No complications occurred in any of the three groups. Deliberate hypotension was the most effective means of reducing intraoperative bleeding and the time for this procedure was shorter than for normovolaemic haemodilution combined with autotransfusion.
Total hip replacement is associated with substantial blood loss. Techniques used to reduce intraoperative bleeding include hypotensive anaesthesia, deliberate hypotension and preoperative normovolaemic haemodilution combined with several variations of autologous blood transfusion. The advantages of decreased blood loss include better surgical conditions, improved attachment of methyl methacrylate cement to bone, and the need for less transfusion of bank blood. A recent review of the published reports on average blood loss for total hip arthroplasty (Thompson et al., 1978) showed that good results were obtained with extradural or spinal anaesthesia and deliberate hypotension. No data on the effects of haemodilution were reported in this review. However, Rosberg and others (1977) did not observe any difference in total blood loss between a haemodilution group and a control group undergoing hip surgery. We have evaluated two techniques for reducing blood loss: controlled hypotension, and normovolaemic haemodilution followed by postoperative transfusion of the shed blood. The results were compared with those observed in patients undergoing the same surgical procedure with normotensive anaesthesia.
METHODS
Thirty patients undergoing total hip arthroplasty gave informed consent for the study. None had previously undergone any surgical procedure on the hip. Patients with cardiovascular, pulmonary or renal disease were excluded. The patients were assigned to one of three groups: (1) Hypotension with sodium nitroprusside (group I; n = 11); mean arterial pressure was maintained at 55 mm Hg. The nitroprusside infusion was started before the incision and stopped before wound closure. Transfusion was started when intraoperative blood loss exceeded 300 ml. (2) Haemodilution (group II; n = 9) in which 23 ±2 ml/kg body weight of blood was withdrawn after induction of anaesthesia but before the start of the surgical procedure. Simultaneously, the volume of shed blood was replaced with an equal volume of 4% albumin in saline, and a similar volume of lactated Ringer's solution. Intraoperative blood loss was replaced with the same mixture. At the end of the surgical procedure, the shed blood was reinfused over approximately 2 h. Additional donor blood was transfused when necessary. (3) Control group (group III; n = 10) in which operative blood loss was replaced with the same amount of homologous blood. In all cases, the volume of blood lost was estimated during operation by weighing sponges and by measuring suction drainage, and after operation by measuring blood collected from the wound drainage. The red cell volume lost was estimated from the haematocrit.
Mean ages were 54±5, 51±3 and 55±3yr in groups I, II and III respectively. All patients received diazepam 10 mg and atropine 0.5 mg i.m. 1 h before induction. Anaesthesia was induced and maintained with nitrous oxide 60% in oxygen, supplemented by halothane 0.5% and small doses of phenoperidine. All operations were performed by one surgeon, with the patient in the lateral position. A Wagner double-cup prosthesis was used in all cases. The attachment of the doublecup was with methacrylate cement. This procedure differs from the Charnley-type total hip arthroplasty, in that resection of the femoral head is not necessary and blood loss is reduced.
Haemoglobin concentration was measured before operation and immediately and 1, 4 and 10 days after operation. The means and standard errors were calculated for group data and comparison between groups was performed with Student's t test for unpaired data. P<0.05 was regarded as statistically significant.
RESULTS
The results obtained with the different methods are in table I. The smallest intraoperative blood loss occurred with controlled hypotension: 320 + 35 ml v. 1050± 180 ml and 900 ±130 ml in the autotransfused and control groups respectively. Blood loss after operation was similar in the three groups. However, total red cell loss including losses during and after operation was not different in the hypotensive and autotransfused groups, because the intraoperative haematocrit in the latter group (23%) was less than in the hypotensive group (36%). Red cell loss in both of these groups was significantly less than in the control group (table II) . However, total measured blood loss was significantly less in the hypotensive patients compared with the other groups. The criteria for blood transfusions were different in (Lawson et al., 1976) or with deliberate hypotension induced by halothane (Thompson et al., 1978) despite the fact that different mechanisms are involved in the hypotension. Halothane produces hypotension by myocardial depression and nitroprusside by arteriolar vasodilatation (Adams et al., 1974) .
Comparison with other studies is difficult because of differences in the management of deliberate hypotension. Amanarath and others (1975) reported blood loss of 800 ml during surgery with nitroprusside and trimetaphan, but the intraoperative arterial pressure was reduced by only 20-30% from the value before operation. Furthermore, in this study, a correlation between blood loss and arterial pressure during operation was noted. Controversy regarding the use of deliberate hypotension stems from the possible increased risk of tissue damage from hypotensioninduced hypoperfusion. In evaluating previous reports dealing with the complications of induced hypotension, it is important to consider the recent improvement in management of these patients. Hypotensive anaesthesia has been made safer and more reliable by the use of modern monitoring techniques. Thompson and others (1978) have shown that the use of deliberate hypotension for hip surgery did not affect the results of tests of cerebral, hepatic or renal function and myocardial status after operation. Regional anaesthetic techniques also decrease blood loss during operation (Stanton-Hicks, 1971; Davis, Jennings and Harris, 1974; Sculco and Ranawat, 1975) , but in a previous study from this hospital, we did not observe any difference attributable to general v. extradural anaesthesia (Guyochin et al., 1973) .
In the present study, there was no difference between the haemodilution and control groups with respect to the total blood loss. Thus the need for homologous blood was reduced in the haemodilution group compared with the control group, because the red cell volume was significantly reduced. Patients subjected to normovolaemic haemodilution tolerated the procedure well, but Laks and others (1974) have shown that acute haemodilution resulted in a marked increase in cardiac output and in a parallel decrease in blood viscosity and total peripheral resistance. Guyton and Richardson (1961) demonstrated that the decrease in peripheral resistance resulted in increased venous return and thus increased cardiac output. This adaptation is dependent on cardiac function, which is sometimes altered in elderly patients undergoing total hip replacement. Rao, El-Etr and Montoya (1979) have shown that haemodilution-induced anaemia is not well tolerated in patients with severe coronary artery disease.
In conclusion, the best surgical conditions were achieved with deliberate hypotension, which was the most effective means of reducing intraoperative bleeding. The need for donor blood transfusion was reduced in patients undergoing haemodilution and retransfusion of fresh autologous blood. However, withdrawal of blood before operation considerably lengthened the time leading to operation and the operative field was not as dry as with deliberate hypotension. 
SUMARIO
Sc estudiaron los efectos de la hipotension deliberada y de la hemodilucion normovolemica relativas a la perdida sanguines, en pacientes sometidos a artroplastia de la cadera. Se anestesiaron 30 pacientes con oxido nitro*o-halotano y se les asigno a uno de los tres grupo. En el grupo I, la presion arterial media se disminuyo hasta un valor de 55 mm Hg por medio de nitrato pnisico de sodio. En el grupo II, se extrajeron 23 ± 2 ml/kg de sangre justo antes de llevar a cabo la operation quiniriica y se sustituyeron mediante el doble del volumen extnudo con un 4% de albumins y una solution 'Ringer' de lactato. La sangre extraida se reintegro al termino del proceso quirurjico. En el grupo III, la sangre sustdtuida igualo a la pcrdida, y este grupo sirvio como control. Las perdidas intraoperarivas de sangre fueron de 1050±185ml y de 900 ± 130 ml en los grupos de control y de autotransfusion, respectivamente, y de 320 ± 35 ml en el grupo de hipotension. No obstante, la perdida total de gJobulos rojos fue significativamente inferior en los grupos de hipotension y de autotransfusion que en el grupo de control. No tuvo lugar complication alguna en ninguno de los tres grupos. La hipotension provocada fue el medio mas efectivo de reducir el derrame de sangre intraoperativo y el tiempo de duration de este proceso fue mas corto que para la hemodilucion normovolemica combinada con autotransfusion.
